INTRODUCTION
Knowledge of the sugar levels in tobacco is important to all segments of the tobacco industry. Quite oll:en measurement of sugars can reveal a great deal concerning the vitality of living plants. Nutritional deficiencies, such as low boron levels, can be detected by measuring sugar variations (1) . Fusarium wilt results in a significant decrease in sugars (2) . Baron and Guthrie (3} measured abnormally low levels of sugar in plants infested with aphids. Excluding d!.lorophyll degradation, the major changes in flue-curing are the loss of starch and an increase in reducing sugars (4) . Levels of reducing sugars can reach as high as 30 percent by weight. Air-curing extends the period of senescence several days during which time the leaf uses the sugars for energy in an effort tO sustain life. Consequently, Burley tobaccos aD.d cigar tobaccos reach the end of the air-curing process with extremely low levels of sugars (often less than 1.0 percent) (5) . Quantification of the levels of sugars at the end of curing is often used as a judgement criteria of proper curing practices, especially when other parameters are subtle.
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Ultimately sugars play an important role in determining the mildness and aromaticity of smoke. Buckner (6) developed the ratio sugar + starch cell membrane substances in an effort to objectively express mildness (the higher value means milder tobacco). Pyriki (7) and Shmuk (8) developed similar criteria, but Shmuk used a simple soluble carbohydrates to proteins ratio. 
EXPERIMENTAL

Instrumentation
A computerized high-density spectrophotometric facility made possible an investigation of the near-infrared reflectance spectra of tobacco samples. A block diagram of this research. instrument is shown in Figure 1 . The system operates in the single beam mode using a Cary 14 monochromator* with a wavelength range. of 0.185 to 2.85 micrometers (J.UD). For the measurements reported in this paper, large area lead sulfide cells were used to sense the energy diffusely reflected from the sample. In this mode the effective wavelength range is 0.8 to 2.6 J.Ull· The monochromator slits were fixed at 2.5 mm which gives an effective bandpass of 10 nm. The instrument operates in a single-beam mode with a reference stored in the computer for system-response correction. The reference sample was freshly packed barium sulfate powder, so the sample spectra represent reflectance values relative to that of barium sulfate. to analyze the data and determine the optimum wavelengths for predicting the sugar content. The reflectance data were treated in two different ways for the multiple-regression analyses. We tested both log (1/R) values and the second derivative of log (1/R) values for predicting sugar content. The second derivative technique gave slightly better results so they are reporti:d in more detail. The multiple-regression calculation determines the coefficients Ko to K9 and the wavelengths /.. 1 to /..g to give the best fit to the following equation for total reducing sugars (TRS): 
RESULTS AND DISCUSSION
Plotting the reflectance data as log (1/R) vs. wavelength gives a spectrum similar in appearance to an absorption spectrum with peaks occurring at the position corresponding to an absorbing compound. Figure 2 shows the spectra of two samples of comminuted tobacco with different levels of TRS. There exist similarities and dissimilarities between the two spectra. Water has an absorption band at 1.45 and 1.94 !J.m as well as at shorter and longer wavelengths. These two absorption bands show up in Figure 2 with both bands distorted to longer wavelengths by the presence of other absorbers. Absorption bands also appear at 1.73, 2.11, and 2.32 !J.m in both spectra. These absorption bands existed in all the spectra recorded. Dissimilar features exist near 1.55, 2.11, 2.22, and 2.32 !J.ffi· The spectra around 1.55 and 1.65 differ primarily in slope, although a slight difference in optical density does exist. A definite increase in absorption exists for the 19.00/o-TRS sample at 2.11 !J.ffi, perhaps due to the higher sugar levels. The two-spectra switch In a heterogeneous material like tobacco, the spectrum of a sample is made up of the various spectra of the individual constituents, mostly by superposition. Thus, it seems plausible that if one or more constituents vary from sample to sample, the multiple-linear-regression analysis would pick first the wavelength at which sugar absorbs and then those wavelengths which would compensate for the variation of other constituents. The computer selected 1.458 !lm as the first wavelength so an attempt was made to determine if sugar has an absorption band at that wavelength. The log (1/R) spectrum of dry glucose crystals (Fig. 4) , does not show a band at 1.458 !lm but does show bands at longer wavelengths. The relatively sharp bands at 2.295, 2.33, and 2.37 !lm are particularly significant because they do not appear on the tobacco samples even though we had samples of 29 Ofo TRS. This led us to conclude that the sugar in the tobacco sample must have different absorption characteristics than dry glucose crystals. By measuring a saturated solution of glucose in water mixed with barium sulfate against water-soaked barium sulfate we obtained a log (1/R) spectrum more like that of the tobacco. This spectrum (Fig. 4) has evidence of an absorber at 1.45. !J.m and it is suggested that this is the explanation for the choice of 1.458 !J.m for the first or best wavelength. The computer selected 1.914 ~-tm as the second wavelength.
Water has an absorption band at 1.94 J.tm. The water content of each sample did vary. Hence, it seems likely that the choice here was to correct for the variation in water content of the samples. The basis for selecting the other parameters is less obvious.
The relationship between the TRS determined by the Harvey Method and the infrared technique for 152 samples is shown in Figure 5 . The correlation coefficient is 0.987 and the standard error is ± 1.37 percent. Omitting six outlying points (Fig. 5) based on their deviation from regression being greater than two times the above standard error, gave a correlation coefficient of 0.990 and a standard error of ± 1.15 percent. Table 1 Making multiple measurements on independent subsamples from the same sample permits calculation of the variance due to sample preparation plus instrument noise. In Table 1 nine samples were. measured for each of two concentrations of TRS. The variances were 0.708 and 1.081 for 0.67 and 16.69 percent TRS respectively. These variances are not significantly different at the 5 percent level according to the F test. Thus, the average total variance is 0.895. Based on the average variances over 50 percent of the variability of the spectrophotometric technique is due to instrument noise. The initial reaction is to assume the instrumental approach is p~or. To the contrary, this is encouraging. Measuremerlts made on this system utilized a double monochromator which considerably diminished the light reaching the sample. It should be recognized that instrument noise is related inversely to the amount of energy reaching the detector. If a filter monochromator were used instead of the double monochromator used in this study, energy output would increase more than 1 OOfold, which in turn would reduce the error from instrument noise. Filter instruments are commercially available anq can be adapted to make these measurements. Reduction of sampling errors could be accomplished by averaging the readings from several subsamples, by grinding to a more uniform particle size, more thorough mixing of sample, and high pressure packing of the subsample. ...
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Of utmost concern is the ability of the technique to predict TRS levels from a calibration equation developed from independent samples. In Figure 6 the solid line is the regression line based on the even-numbered samples in this experiment. The regression equation of this line was used to predict the sugar content of 72 oddnumbered samples. The data points shown in Figure 6 are 
